We introduce the set of constraints the wave function of the Universe has to satisfy in order to describe an Universe undergoing through the process of spontaneous breaking of supersymmetry and discuss the way this may lead to the emergence of classical spacetime.
Can the presence of supersymmetry introduce any significative changes in understanding the process of retrieval of classical behaviour in the framework of quantum cosmology ? In this contribution we shall address the issue of retrieving classical properties from supersymmetric quantum cosmologies, starting firstly with a brief review of the situation in standard quantum cosmology.
In standard quantum cosmology, conserved probability currents can be obtained by requiring the wave function of the universe to be of the form Ψ W KB ∼ e iS , where S is the classical action. As consequence, classical properties of specetime do emerge from Ψ W KB . But what does one obtain from e SE , where S E = iS ? In the case the wave function is an exponential rather than an oscillating function, S E corresponds to the action of an Euclidean instead of a Lorentz geometry. This is the situation when no matter is present and the dominant saddle-point contribution to the path-integral is a real Euclidean solution of the field equations, a conclusion that holds for a variety of homogeneous minisuperspace models 1 . However, it is important to notice that in this case the wave functional e SE is not peaked around a set of Euclidean solutions as it predicts no classical correlations between bosonic coordinates and momenta. In contrast, an oscillating wave function e iS is peaked around a set of classical Lorentzian trajectories 2 . In supersymmetric quantum cosmology, on the other hand, most of the known solutions 3 include only the exponential of the Euclidean action e ±SE , implying that they do not induce any classical Lorentzian geometry. This means that the supersymmetric minisuperspace models that have been currently studied still require additional elements in order to give origin to oscillating e iS solutions. In the remaining of this report we shall point out that the presence of a potential V (φ,φ) in the supergravity action, where φ andφ are chiral superfields, may induce a Speaker the transition from a supersymmetric quantum cosmological Euclidean phase into a classical Lorentzian inflationary expansion regime where supersymmetry is broken. Naturally, such a potential leads to a complicate mixing between the fermionic sectors of the wave function as can be seen from the constraint equations below. Furthermore, such a potential is related to a superpotential P [φ,φ] and implies in the possibility of Spontaneous Supersymmetry Breaking (SSSB), namely when, in supergravity, the v.e.v. of the Kähler derivative is non-vanishing 4 :
where the Kähler function is given by K = φφ and we have set M ≡
to 1 (see ref.
5 for a different presentation of SSSB in canonical supergravity). As mentioned in the introduction the aim of our research is relating elements intrinsic to SSSB with the retrieval of classical properties from the wave function, Ψ SUSY , corresponding to actions dominated by Lorentzian solutions 6 . We consider the simple case of a closed supersymmetric Friedmann-Robertson-Walker (FRW) universe with scalar fields and a superpotential of the form
where in order to satisfy the phenomenology, λ << M . The wave function of the universe takes the well known form
with A, B, ... being the bosonic amplitudes corresponding to each fermionic sector and F, G being spinor indices. For our FRW model we obtain the following set of equations:
The main features of our approach is the following. Introducing a perturbative expansion in terms of λ such as
and similarly for the other bosonic coefficients, we get from (4) and (5), equations of the type
up to λ 2 -order. There are, of course, similar expressions for the remaining bosonic coefficients. The main point however, is that the bosonic coefficients A 0 , ..., E 0 have already been determined 3 . This is to say that, the equations they satisfy, which correspond to terms of order λ 0 , must be equated to zero. Hence, neglecting terms in λ 2 allow us to solve the constraint equations in terms of λ. It will be then this perturbative solution of the constraint equations that enables us to address the issue of the retrieval of classical features and relate it with the SSSB 6 .
